- 1 - 



\3 METHOD FOR MACHINING CERAMIC GREEN SHEET A ND APPARATUS — FOR 

BACKGROUND OF THE INVENTION 

1. ' Field of the Invention 

The present invention relates to a method for machining 
a ceramic green sheet to be used in manufacturing laminated 
ceramic electronic components, and an apparatus for machining 
the same. In more detail, the present invention relates to a 
method for machining a ceramic green sheet for forming a 
plurality of feedthrough holes (for example, the holes that serve 
as a via-hole and through-hole), and an apparatus for machining 
the same. 

2 . Description of the Related Art 

Internal electrodes laminated and disposed via ceramic 
layers (interlayer electrodes) are usually put into electrical 
continuity through via-holes (feedthrough holes) in various 
laminated ceramic electronic components such as laminated coil 
components, laminated substrates and the like. 

The via-holes (feedthrough holes) have been formed by 
punching the ceramic green sheet using a die and a pin. 

However, the die-cut method described above involves the 
following problems: 

1 . High dimensional and conf igurational accuracies of the 
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die and pin are required since they largely affect the accuracy 
of the feedthrough hole, thus inevitably increasing the facility 



/ 

cost; 




2. The die arid pin have short service life requiring a 
^pe^odic exchange^desfhite--^^^ 

■ of thorn - takes a long time; 

3. The die and pin should be exchanged in every change 
or the shape of a product or the machininglfr orti o ns / further time 
consuming precise adjustment is required after exchanging the 
die and pin; and 

4. Machining accuracy (conf igurational accuracy) is 
decreased as the size of the feedthrough hole becomes fine. 

For solving the above problems, a method (a laser machining 
method) has been proposed and a part of the method has been 
practically used today, whereby fine feedthrough holes with a 
size as small as about 80 /jm can be formed within a desired area 
on the ceramic green sheet with high conf igurational and 
positional accuracies. 

£^^-3rWh 4lp di f f© £^yfe-sj^bes--on- ; feb e ceramic gr ee n she e t ha v e be^« 
machined (to form feedthrough holes) in sequence^y^rlowing a 
table holding a galvano-scan mirror aj&d--green sheet to travel 
in the conventional machinijig^method using a laser beam, the 
machining rate is dje^termined by oscillation frequency of the 
laser beam^s<?anning speed of the galvano-scan mirror and travel 

**3r*^^ impi uve d maih iiiliUj iaLu. 
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The machining rate when the laser machining method is used 
is considerably slow as compared with the machining rate in the 
method using the die and pin, the former being usually one several 
and often one tenth of the latter. 

Although a method for simultaneously- forming several 
f eedthrough holes using YAG laser has been proposed for improving 
the machining rate in the laser machining method, the method also 
involves the following problems : 

1 • A large part of the laser energy is lost in a shunt 
for splitting the laser beam and in the laser beam transmission 
system after passing through the shunt. The number of the split 
beams can not be sufficiently increased since only 30 to 50% of 
the energy emitted from the laser oscillator is utilized; and 

2. Expensive materials should be used for. a YAG laser 
absorber when the ceramic green sheet has a composition with a 
low YAG laser absorbance. 

Although another machining methods for simultaneously 
forming a plurality of the f eedthrough holes on the ceramic green 
sheet, such as an image transfer method taking advantage of YAG 
laser and C0 2 laser, or a method using a mask having a given 
transmission pattern, have been proposed, these methods also 
involve the following problems : 

1. The number of holes that are simultaneously formed 
cannot be sufficiently increased because only 10 to 30% of the 
laser energy emitted from the laser oscillator is effectively 
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utilized; and 

2. The image focusing mask and image transfer mask are 
so liable to be damaged with the laser beam that high precision 
machining is not secured. 

In compliance with recent requirements of compacting and 
high degree of integration of electronic components, the 
diameter of the via-holes to be formed on the ceramic green sheet 
is required to be fine. 

However, machining precision ( conf igurational accuracy) 
is decreased as the hole diameter (hole size) is reduced as 
hitherto described when the punching method is used.. 

Forming the feedthrough holes with high conf igurational 
and dimensional accuracies also turns out to be difficult when 
the hole diameter (hole size) is reduced to 50 jum or less in the 
laser machining method making use of YAG laser and C0 2 laser. 
Therefore, the minimum hole diameter available has been 
considered to be about 30 jjm. This is because clear focusing 
becomes difficult when the laser wavelength approaches the 
minimum hole diameter in the laser machining making use of a YAG 
laser and a C0 2 laser. 

The output energy of the laser oscillator is adjusted to 
be suitable for forming fine feedthrough holes in the 
conventional laser machining method, because the output energy 
of the laser oscillator is related to the laser beam width as 
shown in FIG. 6. While the laser beam irradiated to the ceramic 
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green sheet is required to have a width d when fine holes with 
a diameter of d is formed, the laser beam energy at an output 
level of the conventional laser oscillator is so large that the 
laser beam width turns out to be larger than the hole diameter 
d of the feedthrough hole to be formed on the ceramic green sheet, 
failing to form the feedthrough holes having a desired hole 
diameter d. Focused width at the energy required for perforation 
is larger than the laser beam width to form the hole diameter 
d of the feedthrough hole* Therefore, the laser beam width 
should be reduced to correspond to the desired feedthrough hole 
diameter d by decreasing the output energy of the laser 
oscillator. 

However, a stable laser oscillation is not possible when 
the output energy of the laser oscillator is lowered to reduce 
the laser beam width to a level corresponding to the feedthrough 
hole diameter d. Consequently, it is difficult to form fine 
feedthrough holes with high conf igurational and dimensional 
accuracies due to instability of machining qualities. 

As shown in FIG. 15 when a ceramic green sheet one face 
of which is supported with a carrier film is punched by the method 
as described above, a feedthrough hole 52a is formed through the 
carrier film 52 besides forming a feedthrough hole 51a through 
the ceramic green sheet 51. A conductive paste 54 porforat oo- 
through the feedthrough hole 52a on the carrier film 52 as shown 
in FIG. 16 and adheres on a table 53 supporting the ceramic green 
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sheet 51, when the conductive paste is printed by a screen 
printing method for forming interlayer connection and wiring 
patterns in the post-machining process. The conductive paste 
54 adhered on the table 53 is left behind on the table 53 as shown 
in FIG. 17 to deteriorate the accuracy of the screen printing, 
or causes poor quality of the ceramic green sheet by adhesion 
of the paste to the succeeding green sheets . Therefore, cleaning 
of the table is required after screen printing each layer of the 
ceramic green sheet, decreasing the manufacturing efficiency of 
the ceramic green sheet. 

As shown in FIG. 18 peeling of internal conductors 
(conductive paste) 54 in the feedthrough holes 51a and 52a also 
causes poor quality, when the carrier film 52 is peeled off from 
the ceramic green sheet 51 after the ceramic green sheet 51 has 
been lifted up from the table 53 together with the carrier film 
53. 

For solving the problems as described above, a method (a 
laser machining method) has been proposed and put into practical 
application ( Japanese Unexamined Patent Application Publication 
No. 7-193375), by which a feedthrough hole that does not 
perforate through the carrier film but perforates only through 
the ceramic v green sheet can be formed using a laser beam within 
a desired area on the ceramic green sheet one face of which is 
supported with a carrier film. 

However, the conventional laser machining method yet 
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involves the following problems when it is applied for the method 
as described above: 
k 1 • A -&±ftee^» output energy of the laser oscillator should 

be suppressed in order to adjust the laser beam energy to a level 
not to form feedthrough holes through the carrier film, making 
repeated and stable machining difficult; and 

2. Improvement of machining rate is restricted since it 
is determined by the oscillation frequency of the laser 
oscillator, scanning speed of the galvano-mirror and travel 
speed of the table (the machining rate when the laser machining 
method is used is considerably slow as compared with. the 
machining rate in the method using the die and pin, the former 
being usually one several and often one tenth of the latter). 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention for 
solving the foregoing problems is to provide a method and an 
apparatus for machining a ceramic green sheet that are able to 
effectively form a plurality of feedthrough holes on the ceramic 
green sheet. 

For attaining the object described above, there is 
provided in accordance with one aspect of the present invention 
a method for machining a ceramic green sheet for forming a 
plurality of feedthrough holes on the ceramic green sheet, 
comprising the steps of: allowing a laser beam emitted from a 
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laser source to pass through a diffraction grating to split the 
<X beam into plural laser beams; and simultaneously forming . 

Plurality of feedthrough holes within a desired area on the 
ceramic green sheet by irradiating the split laser beams onto 

the ceramic green sheet . 

The plural feedthrough holes can be effectively forced on 
the ceramic green sheet by irradiating the laser beams onto the 
ceramic green sheet without using any masks, after allowing the 
laser beam emitted from a laser source to pass through a 
diffraction grating to split the beam into plural i ase r beams. 

The phrase "splitting the laser beam into plural laser 
beams by allowing the laser beam to pass through a diffraction 

/issp^it 4 ^t i ^ machining 
object turns out to be a pattern corresponding the planTvTew 
of^tie^feedthrough holes to ^beJ^^T^ l^T^^Tine 
hglg_j£_not particularly_re strictedn ' 

in an another aspect, thT^resent invention provides a 
method for machining a ceramic green sheet for forming a 
Plurality of feedthrough holes having the same shape and size 
a on the ceramic green ^"herein ^ew^g . i aser beam emitted 

^ u£t 3 laS6r SOUrCe I^— trough a diffraction grating ^ - 

a *o- splitsthe laser beam into plural laser beams having a uniform 

shape and size corresponding to the shape and size of feedthrough 
a holes to be formed^ the laser beams uniformly split into plural 



beams are irradiated onto the ceramic green sheet to 
simultaneously form a plurality of feedthrough holes having a 
uniform shape and size on the ceramic green sheet. 

Plural feedthrough holes with a uniform shape and size can 
be efficiently formed on the ceramic green sheet by irradiating 
the ceramic green sheet with laser beams uniformly split into 
plural beams, after allowing the laser beam to pass through a 
diffraction grating to split a laser beam emitted from a laser 
source into plural laser beams having a uniform shape and size 
corresponding to the shape and size of the feedthrough holes. 

The laser beam includes (1) a laser beam only passing 

through the diffraction grating (0-th light), (2) a laser beam 

split with the diffraction grating, and (3) noisej/ (higher degree 

laser beams) that are a kind of loss derived from the limitation 

of the machining accuracy when -s plitting la s ^r, by - passing 

A 

through the diffraction grating, and these three kinds of the 
laser beams are irradiated on the machining object. Individual 
energy level of the higher degree laser beams, or noise^, is low 
and the machining object is little affected by the individual 
noise energy. However, -oinco the total noise energy turns out 
to be large because the number of the laser beams that serve as 
the noise| is larger than the number of the split beams, and the 
former increases in proportion to the number of the split beams, 
thereby the total energy of the noise beams turns out to be large. 
The laser beam passing througrh the diffraction grating 



(0-th light) ^ not split with the diffraction grating, but is 

only fe e ing through, thereby having a higher energy than the 
A 

laser beams split with the diffraction grating (as is described 
at(2) ) . Since noises (higher degree laser beams) are generated 
during splitting of the beam with the diffraction grating, the 
energy of the split laser beams turns out to be smaller then the 
expected laser beam energy. 

Owing to these factors, as shown in FIG. 4 the diameter 
of the feedthrough hole 15 (15a) formed at the center of the sheet 
becomes larger than the diameter of the holes 15 formed at the 
periphery of the sheet, when the sheet is machined using the laser 
beam split with the diffraction grating. Therefore, it is 
impossible to form the feedthrough holes on the ceramic green 
sheet 10 with a uniform shape and size. 

The diffraction grating is machined with high accuracy in 
order to suppress generation of the higher degree laser beam as 
one of the splitting le^s as low as possible. In addition, the 

A. 

energy threshold level required for machining the machining 
object is determined by preliminary experimentation, and the 
diffraction grating is designed so that the diameter of the laser 
beam can be increased by reducing the energy density of the split 
laser beam within the range greater than the lower limit of the 
machining threshold level. Plural laser beams having a uniform 
shape and size corresponding to the shape and size of the 
feedthrough holes to be formed can be thus obtained as disclosed 
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in the present invention, by splitting the laser beam using the 
diffraction grating as described above- Machining using the 
laser beam obtained as described above allows the feedthrough 
hole 15 (15a) at the center of the sheet as well as the plural 
feedthrough holes 15 at the periphery of the sheet, which have 
a uniform shape and size as shown in FIG. 5 to be securely and 
efficiently formed on the ceramic green sheet 10, 

A small quantity of the energy is lost by allowing the laser 
beam to pass through the diffraction grating when the diffraction 
grating is used for splitting the laser beam (while splitting 
a beam using the conventional shunt causes an energy loss of about 
50 to 70%, the present invention enables the loss to be reduced 
to about 20%). Therefore, a lot of the feedthrough holes can 
be simultaneously formed by splitting the laser beam into a 
number of beams by allowing the beam to pass through the 
diffraction grating, thus making it possible to form many 
feedthrough holes within a desired area with high efficiency and 
accuracy. 

In a different aspect, the present invention provides a 
method for machining a ceramic green sheet comprising: allowing 
a laser beam emitted from a laser source to pass through a 
diffraction grating; splitting the laser beam into plural laser 
beams having an energy suitable for forming fine holes with a 
hole diameter of 50 ym or less on the ceramic greens sheet; and 
forming a plurality of fine holes with a diameter of 50 or 



less by irradiating the laser beams split into plural beams onto 
the ceramic green sheet. 

A plurality of fine holes with a hole diameter of 50 jum 
or less can be efficiently formed on the ceramic green sheet, 
by allowing the laser beam emitted from the laser source to pass 
through the diffraction grating to split the beam into plural 
laser beams having an energy suitable for forming fine holes with 
a hole diameter of 50 ym or less on the ceramic greens sheet, 
followed by irradiating the laser beams split into plural beams 
onto the ceramic green sheet. 

According to the method of the present invention, as shown 
in FIG, 7 a high energy level laser beam 2 (see FIG. 8A) is split 
into plural laser beams 2a using the diffraction grating 3, the 
energy of each split laser beam 2a can be attenuated to a level 
suitable for forming fine holes (or to a level for making the 
width of the laser beam to correspond to the hole diameter d of 
the fine hole, see FIG. 8B), thereby enabling the laser 
oscillator to be operated at a stable output level . Consequently, 
the fine holes with a hole diameter of 50 ym or less can be 
efficiently formed with a high positional and conf igurational 
accuracies . 

The phrase "splitting the laser beam into plural laser 
beams having an energy suitable for forming fine holes with a 
hole diameter of 50 ym. or less on the ceramic green sheet" as 
used in the present invention refers to a concept meaning that 
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the width of individual laser beam to be irradiated onto the 
ceramic green sheet is adjusted to be 50 pm or less by allowing 
the individual laser beam energy level to be reduced by splitting 
the laser beam with the diffraction grating. However, the 
absolute energy level is appropriately determined depending on 
the composition of the ceramic green sheet, and on the dimension 
and size of the fine holes to be formed. 

The fine holes as used in the present invention refers to 
a concept including, not only perforated holes ( f eedthrough 
holes), but also holes with one end closed, not perforated and 
partial feedthrough holes in which a part of the hole is 
penetrated and other part of the hole is not penetrated. 

According to the method for machining a ceramic green sheet 
of the present ^invention, the ceramic green sheet may be 
irradiated with the laser beam while allowing the ceramic green 
sheet to travel. 

A plurality of feedthrough holes may be efficiently formed 
within a different area, on the ceramic green sheet by irradiating 
the ceramic green sheet with the laser beam while allowing the 
ceramic green sheet to travel. 

According to the method for machining a ceramic green sheet 
of the present invention, the ceramic green sheet may be also 
irradiated with the laser beam while allowing the ceramic green 
sheet to intermittently travel. 

A plurality of the feedthrough holes may be efficiently 
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formed with high conf igurational and positional accuracies by 
allowing the ceramic green sheet to intermittently travel to 
irradiate the ceramic green sheet with the laser beam while the 
ceramic green sheet is stationary. 

Also, according to the method for machining a ceramic green 
sheet of the present invention, the laser beam emitted from the 
laser source may be a pulse laser beam. 

Efficiently forming a plurality of the feedthrough holes 
with high conf igurational and positional accuracy is enabled 
even when the laser beam is irradiated while allowing the ceramic 
green sheet to intermittently travel, by irradiating a pulse 
laser beam, thereby enabling the present invention to be more 
effectively applied. 

The method for machining a ceramic green sheet as described 
above allows a plurality of feedthrough holes to be formed with 
a uniform shape and size, besides allowing a plurality of fine 
holes with a hole diameter of 50 pm or less to be formed. 

In a further different aspect, the present invention 
provides a method for machining a ceramic green sheet for forming 
a plurality of feedthrough holes on the ceramic green sheet", 
comprising the steps of: disposing a laser source for emitting 
a pulse laser beam, a diffraction grating for splitting the laser 
beam into plural laser beams, a galvano-scan mirror for allowing 
the laser beam to reflect with a predetermined reflection angle, 
a converging lens for individually converging the laser beams 
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reflected from the galvano-scan mirror, and the ceramic green 
sheet so as to be arranged in a predetermined position; allowing 
the laser beam emitted from the laser source to pass through the 
diffraction grating; splitting the beam into plural laser beams; 
irradiating the ceramic green sheet with the split pulse laser 
beams by reflecting the beam with a galvano-scan mirror to 
simultaneously form a plurality of feedthrough holes within a 
desired area on the ceramic green sheet; and repeatedly 
irradiating the ceramic green sheet with the laser beam by 
changing reflection angles of the galvano-scan mirror to form 
a plurality of feedthrough holes within a different . 
predetermined area on the ceramic green sheet. 

A plurality of the feedthrough holes can be formed within 
a desired area on the ceramic green sheet without allowing the 



laser beam onto the ceramic green sheet by changing the 
reflection angle of the galvano-scan mirror. 



provides a method for machining a ceramic green sheet for forming 
a plurality of feedthrough holes on a ceramic green sheet, 
comprising the steps of: disposing a laser source for emitting 
a pulse laser beam, a galvano-scan mirror for allowing the laser 
beam to reflect at a predetermined angle, a diffraction grating 
for splitting the laser beam into plural laser beams, a 
converging lens for individually converging the laser beams 



ceramic green sheet to travel, 




In a further different aspect, the present invention 
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split into plural beams, and the ceramic green sheet so as to 
be arranged in a predetermined position; allowing the pulse laser 
beam emitted from the laser source; reflecting the beam with the 
galvano-scan mirror; allowing the laser beam to pass through the 
diffraction grating to split the beam reflected by the 
galvano-scan mirror into plural laser beams; irradiating the 
ceramic green sheet with the split pulse laser beams to 
simultaneously form a plurality of feedthrough holes within a 
desired area on the ceramic green sheet; and repeatedly 
irradiating the ceramic green sheet with the laser beam by 
changing the reflection angle of the galvano-scan mirror to form 
a plurality of the feedthrough holes within a different area on 
the green sheet. 

According to the method for machining the ceramic green 
sheet described above, the split laser beam is irradiated onto 
the ceramic green sheet by allowing the beam to reflect with the 
galvano-scan mirror, after splitting the laser beam into plural 
laser beams by passing the beam through the diffraction grating. 
Otherwise, it is also possible to split the laser beam into 
plural beams after reflecting the beam with the galvano-scan 
mirror. The latter method also brings about the same advantages 
as in the former method. 

According to the method for machining a ceramic green sheet 
of the present invention, the pulse laser beam may be repeatedly 
irradiated while allowing the ceramic green sheet to travel. 
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The laser beam is repeatedly irradiated onto the ceramic 
green sheet by changing its reflection angle with the 
galvano-scan mirror in the present invention as hitherto 
described. Otherwise, a plurality of the feedthrough holes can 
^ be securely formed on art arbitrary sites within the wide area 

of the ceramic green sheet without any positional limitation by 
allowing the ceramic green sheet to travel, thereby the present 
invention may be more effectively applied. 
CJ The method for machining the ceramic green sheet as 

yi] hitherto described comprises^^d^f raction grating for allowing 

the laser beam to pass through to split the laser beam into plural 
beams having the same shape and dimension as the shape and 
J" dimension of the feedthrough holes to be formed, whereby the 

^ laser beam is split into plural laser beams having the same shape 

^ and dimension corresponding to the shape and size of the 

§3 feedthrough holes to be formed after passing through the 

diffraction grating to simultaneously form a plurality of 
feedthrough holes having a uniform shape and dimension. 

The method for machining the ceramic green sheet described 



above comprises a diffraction grating for allowing the laser beam 
to pass through to split the beam into plural beams having an 
energy suitable for forming fine holes with a hole diameter of 
50 pm or less, whereby the laser beam is split into plural laser 
beams having an energy suitable for forming fine holes with a 
hole diameter of 50 pirn or less to form a plurality of the fine 



- 18 - 



holes with a hole diameter of 50 or less. 

Preferably, the present invention provides a method for 
machining a ceramic green sheet , wherein the diffraction grating 
is made of a material having a high transmittance against the 
laser beam* 

The energy efficiency can be improved by using a material 
having a high transmittance against the laser beam for the 
optical system, particularly for the diffraction grating, 
thereby enabling a plurality of the feedthrough holes to be 
formed with high efficiency on the ceramic green sheet. 

The laser emitted from the laser source may be a C0 2 laser 
in the method for machining a ceramic green sheet according to 
the present invention. 

Since the C0 2 laser has a low absorbance^against the ceramic 
itself constituting the ceramic green sheet, and variations of 
characteristics due to deterioration of the ceramic itself can 
be prevented, the C0 2 laser is preferably used in the method for 
machining a ceramic green sheet according to the present 
invention. 

Although the C0 2 laser is hardly absorbed by the ceramic 
constituting the ceramic green sheet as described above, the 
ceramic green sheet can be efficiently machined (removed) using 
the C0 2 laser, when a material having a high absorbance against 
the C0 2 laser is blended in a binder constituting the ceramic 
green sheet. 
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The ceramic green sheet may be a green sheet provided with 
a carrier film supporting one face of the ceramic green sheet 
in the method for machining a ceramic green sheet according to 
the present invention. 

The present invention is also applicable for the machining 
of the ceramic green sheet provided with a carrier film (usually 
a resin film) supporting one face of the ceramic green sheet. 
When the ceramic green sheet provided with a carrier film is 
machined, dimensional and positional accuracies of the 
feedthrough holes may be improved by suppressing deformation and 
distortion of the ceramic green sheet from generating, since the 
ceramic green sheet can be treated while it is supported with 
the carrier film. 

In a further different aspect, the present invention 
provides an apparatus for machining a ceramic green sheet 
comprising: a support member for supporting the ceramic green 
sheet; a travel member for allowing the ceramic green sheet to 
travel along a given direction; a laser source; a diffraction 
grating for allowing the laser beam emitted from the laser source 
to pass through to split the laser beam into plural laser beams"; 
and a converging lens for individually converging the laser beams 
split into plural beams after passing through the diffraction 
grating and irradiating the laser beams onto the ceramic green 
sheet supported with the support member. 

An apparatus for machining a ceramic green sheet to be used 
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in the present invention preferably comprises a support member 
for supporting the ceramic green sheet, a travel member for 
allowing the ceramic green sheet to travel along a given 
direction, a laser source, a diffraction grating for allowing 
the laser beam emitted from the laser source to pass through to 
split the laser beam into plural laser beams, and a converging 
lens for individually converging the laser beams split into 
plural beams. Accordingly, the ceramic green sheet can be 
efficiently machined by securely applying the machining method 
according to the present invention to form a plurality of the 
f eedthrough holes . 

A variety of travel member for allowing the ceramic green 
sheet to travel along a given direction may be used in such a 
manner that the ceramic green sheet travels by al lowing a support 
member supporting the ceramic green sheet to travel along a given 
direction, or the ceramic green sheet itself is allowed to 
directly travel. 

In a further different aspect, the present invention 
provides an apparatus for machining a ceramic green sheet 
comprising: a support member for supporting the ceramic green 
sheet; a laser source; a diffraction grating for allowing the 
laser beam emitted from the laser source to pass through to split 
the laser beam into plural laser beams; a galvano-scan mirror 
for reflecting at a given reflection angle each laser beam after 
passing through the diffraction grating and being split into 
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plural beams; a galvano-mirror driving member for changing the 
reflection angle of the galvano-scan mirror; and a converging 
lens for individually converging the laser beams split into 
plural beams after being reflected with the galvano-scan mirror 
at a given angle and irradiating each laser beam onto the ceramic 
green sheet supported with the support member. 

The laser beams split into plural beams by passing through 
the diffraction grating are irradiated onto the ceramic green 
sheet after allowing the beams to reflect with the galvano-scain 
mirror while repeatedly irradiating the laser beams onto the 
ceramic green sheet by changing the reflection angle of the 
galvano-scan mirror. Consequently, a plurality of the 
feedthrough holes may be formed on plural sites within a 
predetermined area on the, ceramic green sheet without allowing 
the ceramic green sheet to travel, thereby allowing the present 
invention to be more practical. 

In a further different aspect, the present invention 
provides an apparatus for machining a ceramic green sheet 
comprising: a support member for supporting the ceramic green 
sheet; a laser source; a galvano-scan mirror for allowing the 
laser beam to reflect at a given angle; a galvano-scan mirror 
driving member for changing the reflection angle of the 
galvano-scan mirror; a diffraction grating for allowing the 
laser beam reflected by the galvano-scan mirror at a given angle 
to pass through and splitting the laser beam into plural laser 
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beams; and a converging lens for individually converging the 
laser beams split into plural beams after passing through the 
diffraction grating and irradiating each laser beam onto the 
ceramic green sheet supported with the support member. 

The laser beam reflected at a given angle with the 
galvano-scan mirror is irradiated onto the ceramic green sheet, 
while changing the reflection angle of the galvano-scan mirror 
to repeatedly irradiate the laser beam onto the ceramic green 
sheet. Consequently, a plurality of the feedthrough holes may 
be formed on plural sites within a predetermined area of the 
ceramic green sheet without allowing the ceramic green sheet to 
travel, making the present invention to be more practical. 

A travel member for allowing the ceramic green sheet to 
travel along a given direction may be provided in an apparatus 
for machining a ceramic green sheet according to the present 
invention. 

The laser beam is repeatedly irradiated onto the ceramic 
green sheet in the machining apparatus as described above, by 
changing the reflection angle using the galvano-scan mirror. 
Otherwise, a plurality of the feedthrough holes may be securely 
formed at arbitrary sites in a wide area on the ceramic green 
sheet without any positional restrictions by allowing the 
ceramic green sheet to travel, thus enabling the present 
invention to be more practical. 

The apparatus for machining a ceramic green sheet 
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according to the present invention comprises a diffraction 
grating for splitting a laser beam into piural laser beams having 
a uniform shape and size corresponding to the shape and size of 
the feedthrough holes to be formed by allowing the laser beam 
to pass through the diffraction grating, whereby the laser beam 
is split into plural beams having a uniform shape and size 
corresponding to the shape and size of the feedthrough hales by 
allowing the laser beam to pass through the diffraction grating 
to form a plurality of the feedthrough holes having a uniform 
shape and size. 

The apparatus for machining a ceramic green sheet as 
described above comprises a diffraction grating for splitting 
the laser beam into plural laser beams having an energy suitable 
for forming fine holes with a. hole diameter of 50 ^m or less on 
the ceramic green sheet by allowing the laser beam to pass through 
the diffraction grating, whereby the laser beam is split into 
plural beams having an energy suitable for forming fine holes 
with a hole diameter of 5 0 jim or less on the ceramic green sheet 
by allowing the laser beam to pass through the diffraction 
grating to form plural fine holes with a hole diameter of 50 pm 
or less. 

In a further different aspect, the present invention 
provides a method for machining a ceramic green sheet for forming 
a plurality of feedthrough holes on the ceramic green sheet one 
face of which is supported with a carrier film, comprising: 
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splitting a pulse laser beam emitted from a laser source into 
plural laser beams by allowing the laser beam to pass through 
a diffraction grating so that each split laser beam perforates 
through the ceramic green sheet but does not perforate through 
the carrier film; and forming a plurality of feedthrough holes 
on the ceramic green sheet by irradiating the split plural pulse 
laser beams on one face of the ceramic green sheet that is not 
supported with the carrier film. 

The pulse laser beam emitted from the laser source is split 
into plural beams, having such an energy as to perforate through 
the ceramic green sheet but not perforate through the carrier 
film, by allowing the beam to pass through the diffraction 
grating. The laser beams split into plural beams are irradiated 
onto the face of the ceramic green sheet not supported with the 
carrier film, thereby enabling the feedthrough holes to be 
securely formed on the ceramic green sheet without allowing the 
beam to perforate through the carrier film. 

The phrase "split into plural beams having such an energy 
as to perforate through the ceramic green sheet but not perforate 
through the carrier film" as used in the present invention refers 
to a concept meaning that the laser beam is split so that the 
beam has an energy to an extent that the laser beam perforates 
through the ceramic green sheet along the direction of thickness 
when the laser beam is irradiated on the ceramic green sheet side, 
but the feedthrough holes are not formed in the carrier film. 
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According to the method of the present invention, the 
output energy of the laser oscillator is not required to be 
reduced, since the laser beam is split with the diffraction 
grating so that the energy level of individual split laser beam 
is lowered to a given level as described above. Consequently, 
the laser oscillator is enabled to be operated at a stable output 
level, making secure machining possible to form the feedthrough 
holes only through the ceramic green sheet without allowing the 
beam to perforate through the carrier film. 

Preferably, the laser beam is irradiated while allowing 
the ceramic green sheet to travel in the method for machining 
a ceramic green sheet according to the present invention, wherein 
one face of the ceramic green sheet is supported with the carrier 
film. 

A plurality of the feedthrough holes may be efficiently 
formed within a different area on the ceramic green sheet without 
allowing the beam to perforate through the carrier film, by 
irradiating the laser beam while allowing the ceramic green sheet 
to travel. 

In a further different aspect, the present invention 
provides a method for machining a ceramic green sheet for forming 
a plurality of feedthrough holes on a ceramic green sheet one 
face of which is supported with a carrier film, comprising the 
steps of: disposing a laser source for emitting a pulse laser 
beam, a diffraction grating for splitting the laser beam into 
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plural laser beams, a galvano-scan mirror for allowing the laser 
beam to reflect at a given angle, a converging leris for 
individually converging the laser beams split into plural beams 
reflected with the galvano-scan mirror, and the ceramic green 
sheet so as to be arranged in a predetermined position; allowing 
the laser beam emitted from the laser source to pass through the 
diffraction grating; splitting the pulse laser beam into plural 
laser beams having such an energy that allows the beams to 
perforate through the ceramic green sheet but not to perforate 
through the carrier film; reflecting the split plural pulse laser 
beams with the galvano-scan mirror to irradiate the beams onto 
one face of the ceramic green sheet not supported with the carrier 
film to form a plurality of f eedthrough holes on the ceramic green 
sheet; repeatedly irradiating the laser beam onto one faca of 
the ceramic green sheet not supported with the carrier film by 
changing the reflection angle of the galvano-scan mirror to form 
a plurality of the f eedthrough holes within a different area on 
the ceramic green sheet. 

The laser beam is repeatedly irradiated onto one face of 
the ceramic green sheet not supported with the carrier film by 
changing the reflection angle of the galvano-scan mirror. 
Consequently, a plurality of the f eedthrough holes can be 
efficiently formed at plural sites within a desired area on the 
ceramic green sheet so as not to perforate through the carrier 
film without allowing the ceramic green sheet to travel, thereby 
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Qt~ making the present invention - feo be more practical. 

After splitting the laser beam into plural laser beams 
having an energy that allows the beams to perforate through the 
ceramic green sheet but not to perforate through the carrier film 
by allowing the laser beam to pass through the diffraction 
grating, the split laser beams may be irradiated onto the ceramic 
green sheet by allowing the beams to reflect with the 
galvano-scan mirror in the method for machining a ceramic green 
sheet according to the present invention- Otherwise, after 
allowing the laser beam to reflect with the galvano-scan mirror, 
the laser beam may be allowed to pass through the diffraction 
grating to split the beam into plural laser beams, whereby the 
same effect as obtained in the foregoing aspects of the present 

J invention may be obtained, 

J The pulse laser beam may be repeatedly irradiated while 

} allowing the ceramic green sheet to travel in the method for 

machining a ceramic green sheet according to the present 

invention. 

The laser beam is repeatedly irradiated onto the ceramic 
green sheet by changing the reflection angle with the 
galvano-scan mirror in the present invention as hitherto 
described. Besides that method, by allowing the ceramic green 
sheet to travel a plurality of the feedthrough holes can be 
securely formed on any areas of the ceramic green sheet so as 
not to perforate through the carrier film without imposing any 
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positional restrictions, thereby making the present invention 
•to— be more practical. 

In a further different aspect, the present invention 
provides an apparatus for machining a ceramic green sheet 
comprising: a support member for supporting the ceramic green 
sheet one face of which is supported with a carrier film; a travel 
member for allowing the ceramic green sheet to travel along a 
given direction; a laser source for emitting a pulse laser beam; 
a diffraction grating for allowing the laser beam emitted from 
the laser source to pass through and splitting the laser beam 
into plural laser beams having an energy that allows the beams 
to perforate through the ceramic green sheet but not to perforate 
through the carried film; and a converging lens for individually 
converging the laser beams split into plural beams to irradiate 
the laser beams onto the face of the ceramic green sheet not 
supported with the carrier film. 

A machining apparatus to be used in the present invention 
comprises the support member for supporting the ceramic green 
sheet one face of which is supported with the carrier film, the 
travel member for allowing the ceramic green sheet to travel 
along a given direction, the laser source for emitting the pulse 
laser beam, the diffraction grating for splitting the laser beam 
into plural laser beams having a given energy by allowing the 
laser beam to pass therethrough, and the converging lens for 
individually converging the plural split laser beam to irradiate 
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the laser beams onto the ceramic green sheet. Consequently, the 
ceramic green sheet may be efficiently machined to form a 
plurality of the feedthrough holes on the ceramic green sheet 
so that the holes do not perforate through the carrier film. 



provides an apparatus for machining a ceramic green sheet, 
comprising: a support member for supporting the ceramic green 
sheet one face of which is supported with a carrier film; a laser 
source for emitting a pulse laser beam; a diffraction grating 
for allowing the laser beam emitted from the laser source to pass 
through and splitting the laser beam into plural laser beams 
having an energy that allows the beams to perforate through the 
ceramic green sheet but not to perforate through the carrier 
film; a galvano-scan mirror for reflecting at a given reflection 
angle each laser beam after passing through the diffraction 
grating and being split into plural beams; a galvano-mirror 
driving member for changing the reflection angle of the 
galvano-scan mirror; and a converging„_lens for individually 



converging the laser beams split into plural beams after being 



r e f lected^wit h^t h e q a 1 vano - s p an— ; mi-r-ro r-a£.^a_ q iven anq 1 e and 

irradiating th e laser beams _o n£ia.JPj ae face of the ceramic green 

< — ~ 

sh eet that is not sup ported with the car rier film . 

The split laser beams after passing through the 
diffraction grating are irradiated onto the ceramic green sheet 
by allowing the beams to reflect with the galvano-scan mirror, 



In a further different aspect, the present invention 
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followed by repeatedly irradiating the laser beams onto the 
ceramic green sheet by changing the reflection angle of the 
galvano-scan mirror. Consequently, a plurality of the 
feedthrough holes can be efficiently formed at plural sites 
within a desired area pn the ceramic green sheet so as not to 
perforate through the carrier film without allowing the ceramic 
green sheet to travel , thereby making the present invention Jfe^ 
-be more practical. 

In addition, the machining apparatus may be constructed 
so that the laser beam reflected at an given angle with the 
galvano-scan mirror is split with the diffraction grating to 
irradiate the beams onto the ceramic green sheet, followed by 
repeatedly irradiating the laser beams onto the ceramic green 
sheet by changing the reflection angle of the galvano-scan mirror . 

Consequently, a plurality of the feedthrough holes can be 
efficiently formed at plural sites within a desired area on the 
ceramic green sheet so as not to perforate through the carrier 
film without allowing the ceramic green sheet to travel, thereby 
-making the present invention -£o bo more practical. 

The apparatus for machining a ceramic green sheet 
according to the present invention may comprise a travel member 
for allowing the ceramic green sheet to travel along a given 
direction. 

The laser beam is repeatedly irradiated onto the ceramic 
green sheet by changing the reflection angle with the 
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galvano-scan mirror. Otherwise, a plurality of the feedthrough 
holes may be efficiently formed at plural sites within a desired 
area on the ceramic green sheet so as not to perforate through 
the carrier film by allowing the ceramic green sheet to travel, 
thereby making the present invention to be more practical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an apparatus for machining a ceramic 
green sheet according to one embodiment of the present invention. 

FIG. 2 shows a ceramic green sheet on which feedthrough 
holes are formed by machining the ceramic green sheet using the 
machining apparatus shown in FIG. 1 according to one embodiment 
of the present invention. 

FIG. 3 illustrates an apparatus for machining a ceramic 
green sheet according to an another embodiment of the present 
invention. 

FIG. 4 shows a plan^ view illustrating the shape of 
feedthrough holes when the feedthrough holes are formed on the 
ceramic green sheet using laser beams split into plural beams 
with a conventional diffraction grating. 

FIG. 5 provides a method for arranging the disposition of 
the diffraction grating, illustrating a plan^ view of the shapes 
of the feedthrough holes when the feedthrough holes are formed 
using a laser beam adjusted so that the laser beam at the center 
has the same energy as the laser beams at the periphery. 
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FIG. 6 is a graph showing the relation between the output 
(energy) of the laser oscillator and the width of the laser beam. 

FIG. 7 shows how the laser beam having a high energy level 
is split into plural beams using a diffraction grating. 

FIG. 8A is a graph showing the relation between the energy 
and width of the laser beam before splitting the beam using a 
diffraction grating. 

FIG. 8B is a graph showing the relation between the energy 
and width of the laser beam after splitting the beam using a 
diffraction grating . 

FIG. 9 illustrates the construction of an apparatus for 
machining a ceramic green sheet according to. one embodiment of 
the present invention. 

FIG. 10A is provided for describing the method for 
machining a ceramic green* sheet using the machining apparatus 
shown in FIG. 9 according to one embodiment of the present 
invention, which is a cross section before machining. 

FIG. 10B is provided for describing the method for 
machining a ceramic green sheet using the machining apparatus 
shown in FIG. 9 according to one embodiment of the present " 
invention, wh-iete- is a cross section after forming feedthrough 
holes on the ceramic green sheet and plugged holes on the carrier 
film after machining. 

FIG. 11 is a cross section showing a ceramic green sheet 
provided with a carrier film in which a conductive paste is filled 
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in the feedthrough holes. 

FIG, 12 is a cross section showing a ceramic green sheet 
provided with a carrier film which is lifted up from a XY-table. 

FIG. 13 shows a cross section of the ceramic green sheet 
peeled off from the carrier film. 

FIG. 14 illustrates an apparatus for machining a ceramic 
green sheet according to an another embodiment of the present 
invention . 

FIG. 15 shows a cross section of the ceramic green sheet 
on which feedthrough holes are formed. 

FIG. 16 shows a cross section when a conductive paste is 
printed on the ceramic green sheet on which feedthrough holes 
are formed by the conventional method. 

FIG. 17 shows a cross section when a ceramic green sheet 
is lifted up from the table together with a carrier film after 
printing a conductive film on the ceramic green sheet on which 
feedthrough holes are formed by the conventional method. 

FIG. 18 shows a cross section when a ceramic green sheet 
on which a conductive paste is printed is peeled off from a carrier 
film. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The features of the present invention will be described 
in. more detail with reference to the embodiments . 
First Embodiment 



FIG. 1 illustrates an apparatus for machining a ceramic 
green sheet according to one embodiment of the present invention. 

FIG. 2 shows a ceramic green sheet on which feedthrough holes 
are formed using the machining apparatus shown in FIG. 1. 

Described in this embodiment is an example in which a 
ceramic green sheet to be used,for manufacturing a laminated coil 
component is machined into a sheet on which feedthrough holes 
15 having a circular plane view. The feedthrough holes 15 serve 
as via-holes in the product (laminated coil component). 

As shown in FIG. 1 , the machining apparatus used in this 

embodiment comprises, a support member (a XY - tablc in Ll r ia 

A 

embodiment) ¥L supporting the ceramic green sheet and being 
capable of traverlb faag the ceramic green sheet 10 along a given 
direction, a laser source 1, a diffraction grating 3 for allowing 
the laser beam 2 emitted from the laser source 1 to pass though 
to split the beam into plural laser beams. having a shape 
corresponding to the shape of the feedthrough holes 15 (FIG. 2) 
to be formed on the ceramic green sheet 10, a gal^ano-scan mirror 
4 for allowing the split laser beam^2 after passing the 
diffraction grating 3 to reflect at a given angle, and a 
converging lens 5 for individually converging the laser beams 
2 reflected with the galvano-scan mirror 4 at the given angle. 
The converged laser beams after passing through the converging 
lens 5 are irradiated onto the ceramic green sheet 10 on the 
XY-table 11. 
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The machining apparatus further comprises a laser source 
£t driving member 6 f or^«.lO"wStg the laser source 1 j fco driver , a 

galvano-scan mirror driving member 7 for changing the reflection 
angle of the galvano-scan mirror 4, and a table driving member 
(travel member) 12 for allowing the ceramic green sheet 10 
supported on the XY-table to. travel along a given direction. 

A laser source emitting a C0 2 laser having a short pulse 
width is used for the laser source 1 in this machining apparatus. 

ZnSe having a small absorbance against the C0 2 laser is used 
for the diffraction grating 3, galvano-scan mirror 4 and 
converging lens 5. 

The diffraction grating 3 in this machining apparatus is 
so constructed as to be able to split the laser beam 2 into plural 
beams so that the beams have an approximately circular plane view 
(the shape on the irradiation plane). 

Next, the method for forming feedthrough holes on the 
ceramic green sheet using the apparatus for machining the ceramic 
green sheet having the construction as described above will be 
described hereinafter. 

1. A vinyl acetate based binder is added into a ceramic 
mainly composed of a NiCuZn ferrite, and is mixed for 17 hours 
with a ball-mill. The mixture is formed into a sheet by a doctor 
blade method to form the ceramic green sheet 10 with a thickness 
of 50 pirn, which is placed on the support member 11. 

2. The pulse laser beam 2 is emitted from the laser source 



1 comprising a C0 2 laser oscillator with a rating output of 300W 
for use in perforation. The pulse laser beam is allowed to pass 
through the diffraction grating 3 to split the beam into laser 
beams having a shape corresponding to the shape of the 
feedthrough holes 15 (see FIG. 2) to be formed on the ceramic 
green sheet 10 (the beam is split into 25 divisions of 5 (length) 
x 5 (breadth) beams in this embodiment) . However, the laser beam 
may be split into various divisions such as 9 divisions of 3 
(length) x 3 (breadth) or 4 9 divisions of 7 (length) x 7 (breadth) 
in the present invention. 

3. The split pulse laser beams 2 are irradiated onto the 
ceramic green sheet 10 after allowing the beams to reflect with 
the galvano-scan mirror 4. A plurality of the feedthrough holes 
15 (FIG. 2) are formed by removing desired sites on the ceramic 
green sheet 10. The feedthrough holes 15 with a circular plane 
view having a diameter of 50 pirn were formed with a machining pitch 
of 1.2 mm x 0.6 mm. 

The laser beam 2 with an oscillation frequency of 1 kHz, 
a pulse width of 50 ]jS (micro second) and a pulse energy of 1 
mJ was used. 

4 . The ceramic green sheet 10 was repeatedly irradiated 
with the laser beam 2 by changing the reflection angle of the 
galvano-scan mirror 4 to form the feedthrough holes 15 (FIG. 2) 
within a different area on the ceramic green sheet 10. 

5. The step for irradiating the ceramic green sheet 10 
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with the laser beam 2 by changing the reflection angle of the 
galvano-scan mirror 4 in the step ± is repeated to form the 
feedthrough holes 15 in all the desired area on the ceramic green 
sheet 10 (the area capable of forming the feedthrough holes 15 
within a different area by changing the reflection angle of the 
galvano-scan mirror) . Subsequently, the steps 2 to A above are 
repeated while allowing the XY-table 11 to shift by a given 
distance to form a plurality of the feedthrough holes 15 at 
desired sites within the overall area on the ceramic green sheet 
10. 

According to the machining method and machining apparatus 
in this embodiment, a plurality of the feedthrough holes 15 (FIG. 
2) are simultaneously formed on the ceramic green sheet 10 by 
irradiating the split laser beams 2 obtained by allowing the beam 
to pass through the diffraction grating 3 onto the ceramic green 
sheet 10. Accordingly, a plurality of the feedthrough holes 15 
can be efficiently formed within a desired area on the ceramic 
green sheet 10 with a high energy efficiency without using any 
masks . 

The minimum size (diameter), positional machining 
accuracy and machining rate of the feedthrough holes formed by 
the conventional method using a die and pin, by the conventional 
method using a shunt, and the method according to this embodiment 
described above are shown in TABLE 1. 
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TABLE 1 





CONVENTINAL 
MACHINING METHOD 
USING A DIE AND PIN 


CONVENTIONAL 
LASER MACHINING 
METHOD 


MACHINING METHOD 
ACCORDING TO THE FIRST 
EMBODIMENT 


MINIMUM SIZE OF 
FEEDTHROUGH HOLE 
AVAILABLE (pirn) 


100 


25 


25 


POSITIONAL 
MACHINING ACCURACY 


50 


20 


20 


MACHINING RATE 
(HOLES /SEC) 


5000 


400 


7000 



TABLE 1 shows that fine and uniform f eedthrough holes can 
be formed with higher machining accuracy and machining rate by 
the machining method (machining apparatus) according to this 
embodiment, than by the conventional machining method using a 
die and pin. In addition, the machining rate. is greatly improved 
to 7000 holes /sec as compared with the machining rate of 400 
holes /sec in the conventional laser machining method using a 
shunt. 

While an example for forming f eedthrough holes with a 
circular plane view has been explained in this embodiment, the 
shape of the f eedthrough holes is not particularly restricted 
in the present invention, but f eedthrough holes having a variety 
of shapes such as rectangular, polygonal other than rectangular 
and elliptic shapes can be formed by changing the design pattern 
of the diffraction grating. 

Although the case when the feedthrough holes are formed 
on the green sheet to be used for manufacturing a laminated coil 



component has been described in this embodiment., the present 
invention is not particularly restricted to the kind and use of 
the ceramic green sheet on which the f eedthrough holes are formed, 
but can be widely applied for forming via-holes on the ceramic 
green sheet for use, for example, in laminated substrates. 

While the C0 2 laser is used in this embodiment, other kind 
of lasers may be used in the present invention. 

While the pulse laser beam is used in this embodiment, it 
is possible to use laser beams other than the pulse laser beams 
jaay be - used in the present invention. 

Although the ceramic green sheet is machined by directly 
mounting it on the XY-tabl the support member), it is possible 
to process the ceramic green sheet supported on the carrier film 
by mounting it on the support member together with the carrier 
film. When the ceramic green sheet provided with the carrier 
film is processed, dimensional accuracy and positional accuracy 
of the feedthrough holes can be improved by suppressing 
deformation and distortion of the ceramic green sheet because 
the ceramic green sheet is handled while it is supported with 
the carrier film. 
Second Embodiment 

FIG. 3 illustrates an apparatus for machining a ceramic 
green sheet according to an another embodiment of the present 
invention. 

The machining apparatus in this embodiment is configured 
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so that a laser beam 2 is split into plural beams by passing 
through a diffraction grating 3 after being reflected with a 
galvano-scan mirror 4 in advance. 

The machining apparatus 2 in the second embodiment is 
constructed by the same way as used in the machining apparatus 
in the first embodiment, except that the diffraction grating 3 
is placed between the galvano-scan mirror 4 and a converging lens 
5 . Since the method for machining the ceramic green sheet 2 using 
the machining apparatus as described above is similar to the 
method as used in the first embodiment, detailed descriptions 
thereof are omitted herein. In FIG. 3, the portions given the 
same reference numerals as used in FIG. 1 denote the portions 
corresponding to those in FIG. 1. 

The same effects as obtained in the first embodiment can 
be also obtained when the ceramic green sheet is machined using 
the machining apparatus as shown in FIG. 3. 
Third Embodiment 

• She bdiuG ttlcmb uj-'U an d a pp a r atus as used in the, atxc»fi er 
embodiment are given the_^ame~~reference numerals in this 
embodimentj_^a^Kr^etailed descriptions thereof are omitted 



As shown in FIG. 1, the machining apparatus used in this, 

^xY-*mUe . 1\ i? 4& 

A embodiment comprises: a support member ^-^^-^tnabl-e-rrn- 1 hi & 



embodiment) yC supporting a ceramic green sheet 10 and being 
constructed so that the ceramic green sheet 10 is allowed to 
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travel along a given direction; a laser source 1; a diffraction 
grating 3 for allowing a laser beam 2 emitted from the laser source 

1 to pass through to split the beam into plural laser beams having 
a uniform shape and size corresponding to the shape and size of 
feedthrough holes 15 (FIG. 2) to be formed on the ceramic green 
sheet 10; a galvano-scan mirror 4 for allowing the laser beam 

2 after passing through the diffraction grating 3 and evenly 
split into plural beams to reflect at a given angle; and a 
converging lens 5 for individually converging the laser beam 2 
reflected at a given angle with the galvano-scan mirror 4. The 
laser beams converged by passing through the converging lens 5 
is irradiated onto the ceramic green sheet 10 on the XY-table 

11- 

The diffraction grating 3 used in the machining apparatus 
in this embodiment is constructed to be able to split the laser 
beam into plural beams having a uniform shape and size so that 
the laser beams irradiated at the center among the laser beams 
split into plural beams may have the same energy as the laser 
beams irradiated at the periphery of the ceramic green sheet. 
Accordingly, the feedthrough holes formed at the center portion 
never turns out to be larger than the feedthrough holes formed 
at the periphery^ enabling^ securel^£o«R-AJ plurality of the 
feedthrough holes having a uniform shape and size. 

The plural feedthrough holes having a uniform shape and 
size are formed on the ceramic green sheet by the same method 
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as used in the first embodiment using the apparatus for machining 
the ceramic green sheet constructed as described above. 

According to the machining apparatus and machining method 
in this embodiment, a plurality of the feedthrough holes 15 (FIG. 
2) having a uniform shape and size are simultaneously formed on 
the ceramic green sheet 10 by irradiating the plural laser beams 
2, having a uniform shape and size and being split into plural 
beams by passing through the diffraction grating 3, onto the 
ceramic green sheet. Therefore, a plurality of the feedthrough 
holes 15 having a uniform shape and size can be efficiently formed 
with a high energy efficiency within a desired area on the ceramic 
green sheet 10 without using a mask. The same effects as shown 
in TABLE 1 are also obtained in this embodiment. 
Fourth E mbodiment 

FIG. 3 illustrates an apparatus for machining a ceramic 
green sheet according to an another embodiment of the present 
invention. 

The machining apparatus in the embodiment is constructed 
so that a laser beam 2 is split into plural beams having a uniform 
shape and size by passing through a diffraction grating 3 after 
the beam is previously reflected with a galvano-scan mirror 4. 
\\ ^^^^-yfre-maefr raiui) aypa L aLus acc o rding feo the f ourth^cm^odimenf 
is constructed by the same wa^j|5--tt«^tr"Tn~the third embodiment, 
except that^tJ*e^3X?fraction grating 3 is placed between the 

■gQ± T rtfnO gr mi' l lli I MM 1 * ar>H rnmTr>rr)i nrj 1 nr)<- «i T he ^te ^WJ fOJ ^ 
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machining the ceramic green sheet using tjre machining apparatus 

as described above is also similar to the method used in the third 

embodiment. Accordingly, the explanations for the 

corresponding portions in the/third embodiment are also applied 

to this embodiment, and detailed descriptions thereof are 

W 

fa omitted. The portion^ in FIG. J* given the same reference 

numerals as in YIG/1 denote the same as or. corresponding to the 
portions in FI^. 1. 

The same effects as obtained in the third embodiment can 
be also obtained in this embodiment when the ceramic green sheet 
is machined using the machining apparatus shown in FIG. 3. 
Fifth Em bodiment 

•Ttre-s ame reference nunteralo aro given to t he members and 
dovicoc -es thooc uaed in the above embodi m ent - in thi s embodiment s^ 
-a^dr-d-e&og "iption3 thereof are omitted ^ 

The case, when fine holes 15 with a circular plane view 
as shown in FIG. 2 are formed by machining a ceramic green sheet 
to be used for manufacturing a laminated coil component, is. 
described in this embodiment as an example. While the fine holes 
15 is destined to serve as via-holes in the product (laminated 
coil component), the fine holes having a hole diameter of 50 pirn 
and 3 0 were formed in this embodiment. 



a 



As shown in FIG. 1, the machining apparatus used in this 
embodiment comprises : a support member -fx i XY - table in th is 
embodiment) "W>for supporting a ceramic green sheet 10 and being 
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constructed so that the ceramic green sheet 10 is allowed to 
travel along a given direction; a laser source 1; a diffraction 
grating 3 for allowing a laser beam 2 emitted from the laser source 
1 to pass through to split the beam into plural laser beams 2a 
having an energy suitable for forming the fine holes 15 (FIG. 
2) with a hole diameter of 50 jjm or less (50 }im and 30 pm in this 
embodiment); a galvano-scan mirror 4 for allowing the plural 
split laser beams 2a after passing through the diffraction 
lattice 3 to reflect at a given angle; and a converging lens 5 
for individually converging the laser beams 2a reflected at a 
given angle with the galvano-scan mirror 4. The laser beams 
converged by passing through the converging lens 5 is irradiated 
onto the ceramic green sheet 10 on the XY-table 11. 

The fine holes are formed on the ceramic green sheet by 
the same method as in the first embodiment using the apparatus 
for machining the ceramic green sheet. 

According to the machining apparatus and machining method 
in this embodiment, a plurality of the fine holes 15 (FIG. 2) 
are simultaneously formed on the ceramic green sheet 10 by 
irradiating plural laser beams 2a, which have an energy suitable 
for forming the fine holes 15 (FIG. 2) with a hole diameter of 
50 jim and 30 pm on the ceramic green sheet 10, onto the ceramic 
green sheet 10. Accordingly, the fine holes can be efficiently 
formed with high positional accuracy and conf igurational 
accuracy within a desired area on the ceramic green sheet 10. 
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Variations of the hole diameters and roundness of the fine 
holes formed by conventional the laser machining method in which 
the output of the laser oscillator is adjusted, and formed by 
the method according to this embodiment, are compared in TABLE 
2 and TABLE 3 . 

TABLE 2 shows the data when the fine holes with a hole 
diameter of 50 are formed- TABLE 3 shows the data when the 
fine holes with a hole, diameter of 30 are formed. 



TABLE 2 





VARIATIONS OF HOLE 

DIAMETER (%) 

(HOLE DIAMTER 50 \xm) 


ROUNDNESS (%) 
(HOLE DIAMTER 50 \xm) 


CONVENTIONAL LASER 
MACHINING METHOD 
(BY ADJUSTING OUTPUT OF 
LASER OSCILLATOR) 


30 


75 


LASER MACHINING METHOD IN 
THE PRESENT EMBODIMENT 
(SPLITTING USING 
DIFFRACTION GRATING) 


5 


98 


TABLE 3 




VARIATIONS OF HOLE 

DIAMETER (%) 

(HOLE DIAMTER 30 ^m) 


ROUNDNESS ( % ) 
(HOLE DIAMTER 30 nm) 


CONVENTIONAL LASER 
MACHINING METHOD 
(BY ADJUSTING OUTPUT OF 
LASER OSCILLATOR) 


80 


20 


LASER MACHINING METHOD IN 
THE PRESENT EMBODIMENT 
(SPLITTING USING 
DIFFRACTION GRATING) 


10 


95 
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TABLE 2 and TABLE 3 show that the fine holes having small 
variations of the hole diameters and high degree of roundness 
(i.e. a shape of circle is not distorted) can be formed using 
the machining method (machining apparatus) of this embodiment. 

Sixth Embodiment 

FIG. 3 illustrates an apparatus for machining a ceramic 
green sheet according to an another embodiment of the present 
invention. 

The machining apparatus in this embodiment is constructed 
so that a laser beam 2 is split into plural laser beams 2a having 
an energy suitable for forming fine holes 15 (FIG. 2) having a 
hole diameter of 50 ]jm or less by passing through a diffraction 
grating 3 after being previously reflected with a galvano-scan 
mirror 4 . 

The machining apparatus in the sixth embodiment has the 
same construction as the machining apparatus used in the fifth 
embodiment , except that the diffraction grating 3 is placed 
between the galvano-scan mirror 4 and a converging lens 5 . Since 
the method for machining the ceramic green sheet using such 
machining apparatus as described above is the same as the 
apparatus used in the fifth embodiment, the explanations 
corresponding to the portions in the fifth embodiment are also 
applied in this embodiment, and detailed descriptions thereof 
are omitted. Tho portion s i - n FIG. 3 having the a ame . r eference 
-ftumoralo ao those in FIG. 1 dcnot o tho c ame as o r corr e sponding 
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to—£4*e— por^xomr in FIG. 1 ^ 

The same effects as obtained in the fifth embodiment can 
be also obtained when the ceramic green sheet is machined using 
the machining apparatus in FIG. 3. 
Seventh Embodiment 

FIG. 9 illustrates an apparatus for machining a ceramic 
green sheet according to one embodiment of the present invention. 

As shown in FIG. 9, the machining apparatus used in this 
embodiment comprises a support member (>ar XY-table xn this 

/✓ A 

embodiment) 11 for supporting the ceramic green sheet 10 one face 
(lower face) of which is supported with a carrier film. 20 while 
allowing the ceramic green sheet 10 to travel along a given 
direction; a laser source 1 for emitting a pulse laser beam; a 
diffraction grating 3 for allowing a laser beam 2 emitted from 
the laser source 1 to pass through to split the beam into plural 
laser beams 2a having an energy that is able to remove desired 
sites on the ceramic green sheet 10 to form feedthrough holes 
15 (FIG. 10B), and forming non-perforated plugged holes 20a (or 
without forming feedthrough, completely penetrating holes ) on 
the carrier film 20 by removing only a part of the carrier film 
20; a galvano-scan mirror 4 for allowing the split laser beams 
2a after passing through the diffraction grating 3 to reflect 
at a given angle; and a converging lens 5 for individually 
converging the laser beams 2a reflected with the galvano-scan 
mirror 4 at the given angle. The laser beams converged by passing 
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through the converging lens 5 are irradiated onto one face (the 
upper face) of the ceramic green sheet 10 not supported with the 
carrier film 20 on the XY-table 11. 

Next, the method for forming the feedthrough holes on the 
ceramic green sheet 10, one face of which is supported with the 
carrier film 20, using the apparatus for machining the ceramic 
green sheet having the construction as described above will be 
described with reference to FIGs. 9, 10A and 10B. 

1. A vinyl acetate based binder is added to a ceramic 
mainly composed of a NiCuZn ferrite. After mixing with a 
ball-mill, the mixture is formed into a sheet with a thickness 
of 25 fjm on a carrier film 20 with a thickness of 50 jam made of 
PET to form a ceramic green sheet 10. The ceramic green sheet 
10 with the carrier film 20 is then mounted on a support member 
(XY-table) 11 . 

2. A pulse laser beam 2 is emitted from the laser source 
1 provided in a C0 2 laser oscillator (FIG. 9) for perforation 
with a rating output of 3 00 W. The pulse laser beam 2 is allowed 
to pass through a diffraction grating 3. The beam is split into 
plural laser beams 2a having an energy that is able to remove 
desired sites on the ceramic green sheet 10 to form feedthrough 
holes 15 (FIG. 10B), and forming non-perforated plugged holes 
20a (or without forming feedthrough holes) on the carrier film 
20 by removing only a part of the carrier film 20. 

3. The split pulse laser beam 2a is reflected with a 
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galvano-scan mirror 4 and irradiated onto one face (upper face) 
of the ceramic green sheet 10, which indicates a side not 
supported with the carrier film 20, to form holes 30 that 
perforate through the ceramic green sheet 10 and reach the midway 
of the carrier film 20 (the holes 30 are composed of the 
feedthrough holes 15 formed on the ceramic green sheet 10 and 
plugged holes 20a formed on the carrier film 20). As a result, 
desired sites on the ceramic green sheet 10 are removed to form 
the feedthrough holes 15 on the ceramic green sheet 10 as shown 
in FIG. 10B while forming the non-perforated plugged holes 20a 
( or a hollow portion is formed by removing a portion of the carrier 
film) on the carrier film 20. 

4 . The laser beam 2 is repeatedly irradiated onto the 
ceramic green sheet 10 by changing the reflection angle of the 
galvano-scan mirror 4 to form the feedthrough holes within a 
different area on the ceramic green sheet 10. 

5. The step A for irradiating the ceramic green sheet 10 
with the laser beam 2 by changing the reflection angle of the 
galvano-scan mirror 4 is repeated. After forming the 
feedthrough holes 15 within all the desired area (the area where 
the feedthrough holes 15 are able to be formed within a different 
area by changing the reflection angle of the galvano-scan mirror 
4) on the ceramic green sheet 10, the XY-table 11 is shifted by 
a given distance, and a plurality of the feedthrough holes 15 
are formed at all the desired sites on the ceramic green sheet 



-SO- 



10 by repeating the steps 2 to A. 

According to the machining apparatus and machining method, 

the laser beams 2a split into plural beams after passing through 

-//fit/ 

^ the diffraction grating 3, which have such an energy ^feka-fc are 
able to form the feedthrough holes 15 by removing the desired 
sites on the ceramic green sheet 10, and form the plugged holes 
20a (hollow portions) on the carrier film 20 by removing only 
a part of the carrier film 20, are irradiated onto the ceramic 
green sheet 20 one face of which is supported with the carrier 
film 20. Accordingly, the feedthrough holes 15 can be securely 
and efficiently formed only on the ceramic green sheet 10 without 
allowing the beams to perforate through the carrier film 20. 

It was necessary in the conventional laser machining 
method to reduce the output level of the laser oscillator to 0.4 
mJ for machining, and the proportion of the laser beams that are 
able to form the feedthrough holes only oh the ceramic green sheet 
without perforating through the carrier film was 68%. In 
contrast according to the method described in the above 
embodiment, machining was possible by maintaining the output 
level of the laser oscillator at 2.3 mJ, and the proportion of 
the laser beams that are able to form the feedthrough holes only 
on the ceramic green sheet without perforating through the 
carrier film was 100%. 

Next, after forming the feedthrough holes 15 only on the 
ceramic green sheet 10 and the non-perforated plugged holes 20a 
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on the carrier film 20 , a conductive paste is applied on the 
ceramic green sheet 10 to fill the holes with a predetermined 
pattern. Further the method for peeling the ceramic green sheet 
10 from the carrier film 20 will be described hereinafter. 

As shown in FIG. 11 the conductive paste 14 is at first 
printed by screen printing within the area containing the 
f eedthrough holes 15 on the ceramic green sheet 10 the lower face 
of which is supported with the carrier film 20 and which is 
supported on the XY-table 11 together with the carrier film 20. 
The conductive paste 14 is filled into the feedthrough holes 
15 on the ceramic green sheet 10 and in the plugged holes 20a 
(hollow portions) on the carrier film 20. 

Then, as shown in FIG. 12 while the ceramic green sheet 
10 is lifted up from the XY-table 11 together with the^parrier 
film 20, the conductive paste 14 is keptj pto be fille d in trhe» 
feedthrough holes 15 on the ceramic green sheet 10 and in the 
plugged holes 20a on the carrier film 20,. 

In the following step as shown in FIG. 13 , the ceramic green 
sheet 10 is peeled off from the carrier film 20. The conductive 
paste 14 is cut off at an interface between the portions where 
it is filled in the feedthrough holes 15 on the ceramic green 
sheet 10 and the portions where it is filled in the plugged holes 
20a on the carrier film 20. Then the conductive paste 14 is 
securely filled into the feedthrough holes 15 on the ceramic 
green sheet 10. Consequently, a reliable electronic component 
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in which the internal electrodes are securely connected with each 
other is obtained by laminating these ceramic green sheets. 

. While a pulse laser beam is used in the foregoing 
embodiments, laser beams other than the pulse laser beam may be 
used. While the examples in which the energy of the split laser 
beams were adjusted so that the beams perforate through the 
ceramic green sheet besides forming non-perforated plugged holes 
on the carrier film were described in the foregoing embodiments, 
in addition, the energy of the split laser beams may be adjusted 
in some cases so that the beams perforate through only the ceramic 
green sheet but do not form any feedthrough holes as well as 
plugged holes or hollow portions on the carrier film, thereby 
forming only the feedthrough holes on the ceramic green sheet. 
eighth F mT->r>H i nifint 

FIG. 14 illustrates an apparatus for machining a ceramic 
green sheet according to an another embodiment of the present 
invention. 

The machining apparatus in this embodiment is constructed 
so that after a laser beam 2 is reflected with a galvano-scan 
mirror 4 in advance, the laser beam 2 is allowed to pass through 
a diffraction grating 3 to split the beam into plural laser beams . 

The machining apparatus in the eighth embodiment has the 
same construction as that used in the seventh embodiment, except 
that the diffraction grating 3 is placed between the galvano-scan 
mirror 4 and a converging lens 5 . Since the method for machining 
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the ceramic green sheet using the machining apparatus as 
described above is the same as the method used in the seventh 
embodiment, the explanations in the seventh embodiment are also 
applied in this embodiment, and descriptions thereof are omitted. 
The portions in FIG. 14 given the same reference numerals as 
those used in FIG. 9 denote the portions corresponding to those 
in FIG. 9. 

The same ef f ects . as those obtained in the seventh 
embodiment can be also obtained when the ceramic green sheet is 
machined using the machining apparatus shown in FIG. 14. 



